Formation control in the port-Hamiltonian framework by Vos, Ewoud
  
 University of Groningen
Formation control in the port-Hamiltonian framework
Vos, Ewoud
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2015
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Vos, E. (2015). Formation control in the port-Hamiltonian framework. [S.l.]: [S.n.].
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
Bibliography
[1] R.A. Abraham and J.E. Marsden. Foundations of Mechanics. Addison-Wesley,
Reading, MA, 2nd edition, 1978.
[2] K.T. Alfriend, R.V. Srinivas, P. Gurfil, J.P. How, and L.S. Breger. Spacecraft
formation flying: dynamics, control, and navigation, volume 2. Butterworth-
Heinemann, 2010.
[3] M. Arcak. Passivity as a design tool for group coordination. IEEE Transactions
on Automatic Control, 52(8):1380–1390, 2007.
[4] O¨. Arslan. Design of a collaboration strategy for autonomous multi-robot
systems. an application in plastic marine debris cleanup. Bachelor’s thesis,
University of Groningen, 2012.
[5] A. Astolfi. Exponential stabilization of a wheeled mobile robot via discontin-
uous control. Journal of dynamic systems, measurement, and control, 121(1):
121–126, 1999.
[6] A. Bacciotti and F. Ceragioli. Stability and stabilization of discontinuous
systems and nonsmooth Lyapunov functions. Control Optimisation and
Calculus of Variations, 4:361–376, 1999.
[7] R. Baheti and H. Gill. Cyber-physical systems. The impact of control technol-
ogy, pages 161–166, 2011.
[8] H. Bai. The undesired equilibria of formation control with ring graphs. In
American Control Conference, Baltimore, MD, USA, 2010.
[9] H. Bai, M. Arcak, and J. Wen. Cooperative control design: A systematic,
passivity-based approach, volume 89. Springer, 2011.
146 BIBLIOGRAPHY
[10] A. Bara and S. Dale. Dynamic modeling and stabilization of wheeled mobile
robot. In WSEAS International Conference on Dynamical Systems and Control,
2009.
[11] B. Bolloba´s. Modern graph theory, volume 184. Springer Verlag, 1998.
[12] P.C. Breedveld. Modeling and control of complex physical systems: The port-
Hamiltonian approach, chapter Port-based modeling of dynamic systems
Systems, pages 1–52. Springer, 2009.
[13] R.W. Brockett. Asymptotic stability and feedback stabilization. Birkha¨user,
Boston, 1983.
[14] F. Bullo and A.D. Lewis. Geometric control of mechanical systems. In Texts
in Applied Mathematics, volume 49. Springer-Verlag, New York-Heidelberg-
Berlin, 2004.
[15] F. Bullo, J. Corte´s, and S. Mart´ınez. Distributed Control of Robotic Networks.
Applied Mathematics Series. Princeton University Press, 2009.
[16] M. Bu¨rger and C. De Persis. Dynamic coupling design for nonlinear output
agreement and time-varying flow control. Automatica, 51:210–222, 2015.
[17] C. Canudas-de-Wit and O.J. Sordalen. Exponential stabilization of mobile
robots with nonholonomic constraints. IEEE Transactions on Automatic
Control, 37(11):1791–1797, 1992.
[18] F. Ceragioli, C. De Persis, and P. Frasca. Discontinuities and hysteresis in
quantized average consensus. Automatica, 47(9):1916–1928, 2011.
[19] J. Cervera, A.J. van der Schaft, and A. Banos. Interconnection of port-
Hamiltonian systems and composition of Dirac structures. Automatica, 43
(2):212–225, 2007.
[20] M. Chahbari. Port-Hamiltonian modeling and control of a mobile multi
robot system for borehole radar dike inspections. Master’s thesis, University
of Groningen, 2014.
[21] C.Y. Chong and S.P. Kumar. Sensor networks: Evolution, opportunities, and
challenges. Proceedings of the IEEE, 91(8):1247–1256, 2003.
[22] H. Choset. Coverage for robotics – A survey of recent results. Annals of
Mathematics and Artificial Intelligence, 31(1):113–126, 2001.
[23] S.J. Chung, U. Ahsun, and J.J.E. Slotine. Application of synchronization
to formation flying spacecraft: Lagrangian approach. Journal of Guidance
Control and Dynamics, 32(2):512–526, 2009.
BIBLIOGRAPHY 147
[24] J. Corte´s. Finite-time convergent gradient flows with applications to network
consensus. Automatica, 42(11):1993–2000, 2006.
[25] J. Corte´s, S. Mart´ınez, T. Karatas, and F. Bullo. Coverage control for mobile
sensing networks. IEEE Transactions on Robotics and Automation, 20(2):
243–255, 2004.
[26] A. Das and R. Cobb. Techsat 21-space missions using collaborating constel-
lations of satellites. In Conference on Small Satellites, pages 125–129, Logan,
UT, USA, 1998.
[27] C. De Persis and P. Frasca. Robust self-triggered coordination with ternary
controllers. IEEE Transactions on Automatic Control, 58(12):3024–3038,
2013.
[28] C. De Persis and B. Jayawardhana. Coordination of passive systems under
quantized measurements. SIAM Journal on Control and Optimization, 50(6):
3155–3177, 2012.
[29] C. De Persis and B. Jayawardhana. On the internal model principle in the
coordination of nonlinear systems. IEEE Transactions on Control of Network
Systems, 1(3):272–282, 2014.
[30] J.P. Desai, J.P. Ostrowski, and V. Kumar. Modeling and control of forma-
tions of nonholonomic mobile robots. IEEE Transactions on Robotics and
Automation, 17(6):905–908, 2001.
[31] D.A. Dirksz. Robust energy- and power-based control design. PhD thesis,
University of Groningen, 2010.
[32] D.A. Dirksz and J.M.A. Scherpen. Power-based control: Canonical coordinate
transformations, integral and adaptive control. Automatica, 48(6):1045–
1056, 2012.
[33] D.A Dirksz and J.M.A Scherpen. On tracking control of rigid-joint robots
with only position measurements. IEEE Transactions on Control Systems
Technology, 21(4):1510–1513, 2013.
[34] K.D. Do and J. Pan. Nonlinear formation control of unicycle-type mobile
robots. Robotics and Autonomous Systems, 55(3):191–204, 2007.
[35] R.C. Dorf and R.H. Bishop. Modern control systems. Prentice Hall, 12th
edition, 2010.
[36] D. Dresscher and S. Stramigioli. Applying energy autonomous robots for
dike inspection.
148 BIBLIOGRAPHY
[37] D. Dresscher, T. de Vries, and S. Stramigioli. Controlled Passive Actuation
for legged locomotion.
[38] V. Duindam, S. Stramigioli, and J.M.A. Scherpen. Passive compensation of
nonlinear robot dynamics. IEEE Transactions on Robotics and Automation,
20(3):480–488, 2004.
[39] V. Duindam, A. Macchelli, and S. Stramigioli. Modeling and control of complex
physical systems: The port-Hamiltonian approach. Springer Verlag, 2009.
[40] M.I. El-Hawwary and M. Maggiore. Distributed circular formation stabiliza-
tion for dynamic unicycles. IEEE Transactions on Automatic Control, 58(1):
149–162, 2013.
[41] S. Fiaz, D. Zonetti, R. Ortega, J.M.A. Scherpen, and A.J. van der Schaft.
A port-Hamiltonian approach to power network modeling and analysis.
European Journal of Control, 19(6):477 – 485, 2013.
[42] P. Frasca. Continuous-time quantized consensus: Convergence of Krasovskii
solutions. Systems & Control Letters, 61(2):273 – 278, 2012.
[43] K. Fujibayashi, S. Murata, K. Sugawara, and M. Yamamura. Self-organizing
formation algorithm for active elements. In IEEE Symposium on Reliable
Distributed Systems, pages 416–421, 2002.
[44] K. Fujimoto and T. Sugie. Canonical transformation and stabilization of
generalized Hamiltonian systems. Systems & Control Letters, 42(3):217–227,
2001.
[45] K. Fujimoto, K. Sakurama, and T. Sugie. Trajectory tracking control of port-
controlled Hamiltonian systems via generalized canonical transformations.
Automatica, 39(12):2059–2069, 2003.
[46] K. Fujimoto, S. Sakai, and T. Sugie. Passivity based control of a class of
Hamiltonian systems with nonholonomic constraints. Automatica, 48(12):
3054 – 3063, 2012.
[47] L. Gentili and A.J. van der Schaft. Regulation and input disturbance sup-
pression for port-controlled Hamiltonian systems. In IFAC workshop on
Lagrangian and Hamiltonian methods for nonlinear control, Seville, Spain,
2003.
[48] L. Gentili, A. Paoli, and C. Bonivento. Input disturbance suppression for
port-Hamiltonian systems: An internal model approach. In Advances in
Control Theory and Applications, pages 85–98. Springer, 2007.
BIBLIOGRAPHY 149
[49] R. Ghabcheloo, A. Pascoal, C. Silvestre, and I. Kaminer. Coordinated path
following control of multiple wheeled robots using linearization techniques.
International Journal of Systems Science, 37(6):399–414, 2006.
[50] C.D. Godsil and G. Royle. Algebraic graph theory, volume 207. Springer New
York, 2001.
[51] F. Go´mez-Estern and A.J. van der Schaft. Physical damping in IDA-PBC
controlled underactuated mechanical systems. European Journal of Control,
10(5):451–468, 2004.
[52] E. Halbertsma. Potential field based obstacle avoidance with multiple robotic
agents in the port-Hamiltonian framework. Master’s thesis, University of
Groningen, 2013.
[53] T. Hoogerwerf. Dijken verkennen door groepen autonome robots. Bachelor’s
thesis, University of Groningen, 2011.
[54] A. Isidori, L. Marconi, and A. Serrani. Robust autonomous guidance: an
internal model approach. Springer, 2003.
[55] A. Jadbabaie, J. Lin, and A.S. Morse. Coordination of groups of mobile
autonomous agents using nearest neighbor rules. IEEE Transactions on
Automatic Control, 48(6):988–1001, 2003.
[56] M. Jafarian. A note on formation keeping control with coarse information.
In International Symposium on Mathematical Theory of Networks and Systems,
pages 1724–1727, Groningen, The Netherlands, 2014.
[57] M. Jafarian and C. De Persis. Formation control with binary information.
Automatica, 53:125–135, 2015.
[58] M. Jafarian, E. Vos, C. De Persis, A.J. van der Schaft, and J.M.A. Scherpen.
Formation control of a multi-agent system subject to ideal Coulomb friction,
2014. Submitted.
[59] M. Jafarian, E. Vos, C. De Persis, A.J. van der Schaft, and J.M.A. Scherpen. On
formation control of agents subject to ideal Coulomb friction. In International
Symposium on Mathematical Theory of Networks and Systems, pages 1736–
1739, Groningen, The Netherlands, 2014.
[60] M. Jafarian, E. Vos, C. De Persis, J.M.A. Scherpen, and A.J. van der Schaft.
Disturbance rejection in formation keeping control of nonholonomic wheeled
robots, 2015. In preparation.
150 BIBLIOGRAPHY
[61] D. Jeltsema and J.M.A. Scherpen. Multidomain modeling of nonlinear
networks and systems. IEEE Control Systems Magazine, 29(4):28–59, 2009.
[62] D. Jeltsema, R. Ortega, and J.M.A. Scherpen. An energy-balancing per-
spective of interconnection and damping assignment control of nonlinear
systems. Automatica, 40(9):1643–1646, 2004.
[63] R. Kamps. Reinforcement learning: As a strategy in a robotic fish waterpolo
competition, as a proof of concept for the enhancement of order picking
performance. Bachelor’s thesis, University of Groningen, 2012.
[64] H.K. Khalil. Nonlinear systems, volume 3. Prentice hall Englewood Cliffs, NJ,
2002.
[65] R. Kristiansen and P.J. Nicklasson. Spacecraft formation flying: A review
and new results on state feedback control. Acta Astronautica, 65(11–12):
1537–1552, 2009.
[66] D. Kurabayashi, J. Ota, T. Arai, and E. Yoshida. Cooperative sweeping by
multiple mobile robots. In IEEE International Conference on Robotics and
Automation, volume 2, pages 1744–1749, 1996.
[67] J.R.T. Lawton, R.W. Beard, and B.J. Young. A decentralized approach to
formation maneuvers. IEEE Transactions on Robotics and Automation, 19(6):
933–941, 2003.
[68] D. Lee. Passivity-based switching control for stabilization of wheeled mobile
robots. In Proceedings of Robotics: Science and Systems, pages 70–77, 2007.
[69] E.A. Lee. Cyber physical systems: Design challenges. In IEEE International
Symposium on Object Oriented Real-Time Distributed Computing, pages 363–
369, 2008.
[70] E.Z. MacArthur and C.D. Crane. Compliant formation control of a multi-
vehicle system. In International Symposium on Computational Intelligence in
Robotics and Automation, pages 479–484, 2007.
[71] J.E. Marsden and T.S. Ratiu. Introduction to mechanics and symmetry: a
basic exposition to classical mechanics. In London Mathematical Society
Lecture Notes Series. Springer, New York, 2nd edition, 1999.
[72] J.A. Marshall, M.E. Broucke, and B.A. Francis. Formations of vehicles in
cyclic pursuit. IEEE Transactions on Automatic Control, 49(11):1963–1974,
2004.
BIBLIOGRAPHY 151
[73] B.M. Maschke and A.J. van der Schaft. Port-controlled Hamiltonian systems:
Modeling origins and system-theoretic properties. In IFAC symposium on
nonlinear control systems, pages 282–288, Bordeaux, France, 1992.
[74] B.M. Maschke, R. Ortega, and A.J. van der Schaft. Energy-based Lyapunov
functions for forced Hamiltonian systems with dissipation. IEEE Transactions
on Automatic Control, 45(8):1498–1502, 2000.
[75] J. Mathews and R.L. Walker. Mathematical Methods of Physics. W.A. Benjamin,
2nd edition, 1970.
[76] C.R. McInnes. Autonomous ring formation for a planar constellation of
satellites. Journal of Guidance, Control, and Dynamics, 18(5):1215–1217,
1995.
[77] Y. Mei, Y.H. Lu, Y.C. Hu, and C.S.G. Lee. Deployment of mobile robots
with energy and timing constraints. IEEE Transactions on Robotics, 22(3):
507–522, 2006.
[78] M. Mesbahi and M. Egerstedt. Graph theoretic methods in multi-agent net-
works. Princeton University Press, 2010.
[79] F. Mondada, M. Bonani, X. Raemy, J. Pugh, C. Cianci, A. Klaptocz, S. Mag-
nenat, J.C. Zufferey, D. Floreano, and A. Martinoli. The e-puck, a robot
designed for education in engineering. In Conference on autonomous robot
systems and competitions, volume 1, pages 59–65, 2009.
[80] S. Nair and N.E. Leonard. Stable synchronization of mechanical system
networks. SIAM Journal on Control and Optimization, 47(2):661–683, 2008.
[81] E. Nun˜o, R. Ortega, L. Basan˜ez, and D. Hill. Synchronization of networks
of nonidentical Euler-Lagrange systems with uncertain parameters and
communication delays. IEEE Transactions on Automatic Control, 56(4):
935–941, 2011.
[82] K.J. Obermeyer, A. Ganguli, and F. Bullo. Multi-agent deployment for
visibility coverage in polygonal environments with holes. International
Journal of Robust and Nonlinear Control, 21(12):1467–1492, 2011.
[83] P. O¨gren, E. Fiorelli, and N.E. Leonard. Cooperative control of mobile sensor
networks: Adaptive gradient climbing in a distributed environment. IEEE
Transactions on Automatic Control, 49(8):1292–1302, Aug 2004.
[84] R. Olfati-Saber, J.A. Fax, and R.M. Murray. Consensus and cooperation in
networked multi-agent systems. Proceedings of the IEEE, 95(1):215–233,
2007.
152 BIBLIOGRAPHY
[85] R. Ortega, A. Loria, P.J. Nicklasson, and H. Sira-Ramirez. Passivity-based
control of Euler-Lagrange systems, volume 388. Springer Berlin, 1998.
[86] R. Ortega, A.J. van der Schaft, I. Mareels, and B. Maschke. Putting energy
back in control. IEEE Control Systems Magazine, 21(2):18–33, 2002.
[87] R. Ortega, A.J. van der Schaft, B. Maschke, and G. Escobar. Interconnec-
tion and damping assignment passivity-based control of port-controlled
Hamiltonian systems. Automatica, 38(4):585–596, 2002.
[88] H.M. Paynter. Analysis and design of engineering systems. M.I.T. Press, MA,,
1960.
[89] H. Petroski. Levees and other raised ground. American Scientist, 94(1):7–11,
2006.
[90] S.A. Pigg. Adaptive algorithms for the rejection of sinusoidal disturbances
acting on unkown plants. PhD thesis, University of Utah, 2011.
[91] J.B. Pomet, B. Thuilot, G. Bastin, and G. Campion. A hybrid strategy for the
feedback stabilization of nonholonomic mobile robots. In IEEE International
Conference on Robotics and Automation, pages 129–134, 1992.
[92] A. Postma. Port-Hamiltonian based deployment of dike robots. Master’s
thesis, University of Groningen, 2013.
[93] W. Ren. Distributed leaderless consensus algorithms for networked Euler-
Lagrange systems. International Journal of Control, 82(11):2137–2149,
2009.
[94] W. Ren and R.W. Beard. Decentralized scheme for spacecraft formation
flying via the virtual structure approach. Journal of Guidance, Control, and
Dynamics, 27(1):73–82, 2004.
[95] W. Ren, R. W. Beard, and E. M. Atkins. Information consensus in multivehicle
cooperative control. IEEE Control Systems Magazine, 27(2):71–82, 2007.
[96] E. Rimon and D.E. Koditschek. Exact robot navigation using artificial poten-
tial functions. IEEE Transactions on Robotics and Automation, 8(5):501–518,
1992.
[97] C. Samson. Time-varying feedback stabilization of car-like wheeled mobile
robots. The International journal of robotics research, 12(1):55–64, 1993.
[98] A.J. van der Schaft. L2-gain and passivity techniques in nonlinear control.
Springer Verlag, 2000.
BIBLIOGRAPHY 153
[99] A.J. van der Schaft and D. Jeltsema. Port-Hamiltonian systems theory: An
introductory overview. Foundations and Trends in Systems and Control, 1
(2-3):173–378, 2014.
[100] A.J. van der Schaft and B.M. Maschke. Port-Hamiltonian systems on graphs.
SIAM Journal on Control and Optimization, 51(2):906–937, 2013.
[101] D.P. Scharf, S.R. Ploen, and F.Y. Hadaegh. A survey of spacecraft forma-
tion flying guidance and control (Part I): Guidance. In American Control
Conference, pages 1733–1739, Denver, CO, USA, 2003.
[102] D.P. Scharf, F.Y. Hadaegh, and S.R. Ploen. A survey of spacecraft formation
flying guidance and control (Part II): Control. In American Control Conference,
pages 2976–2985, Boston, MA, USA, 2004.
[103] L. Sha, S. Gopalakrishnan, X. Liu, and Q. Wang. Cyber-physical systems:
A new frontier. In Machine Learning in Cyber Trust, pages 3–13. Springer,
2009.
[104] G. Stacey and R. Mahony. A port-Hamiltonian approach to formation control
using bearing measurements and range observers. In IEEE Conference on
Decision and Control, pages 7641–7646, Florence, Italy, 2013.
[105] G. Stacey, R. Mahony, and P. Corke. A bondgraph approach to formation
control using relative state measurements. In European Control Conference,
pages 1262–1267, Zu¨rich, Switzerland, 2013.
[106] P. Tabuada and G.J. Pappas. From nonlinear to Hamiltonian via feedback. In
IEEE Conference on Decision and Control, volume 2, pages 1515–1520, 2002.
[107] P. Tabuada and G.J. Pappas. Abstractions of Hamiltonian control systems.
Automatica, 39(12):2025–2033, 2003.
[108] Y. Ulybyshev. Long-term formation keeping of satellite constellation using
linear-quadratic controller. Journal of Guidance, Control, and Dynamics, 21
(1):109–115, 1998.
[109] G.J.O. Vermeer. 3-D symmetric sampling. Geophysics, 63(5):1629–1647,
1998.
[110] E. Vos, J.M.A. Scherpen, and A.J. van der Schaft. Port-Hamiltonian approach
to deployment. In International Symposium on Mathematical Theory of
Networks and Systems, Melbourne, Australia, 2012.
154 BIBLIOGRAPHY
[111] E. Vos, S. Fiaz, J.M.A. Scherpen, and A.J. van der Schaft. Control for
formation flying of satellites: port-Hamiltonian approach. In International
Workshop on Satellite Constellations and Formation Flying, Lisbon, Portugal,
2013. Paper ID: IWSCFF-2013-02-02.
[112] E. Vos, J.M.A. Scherpen, and A.J. van der Schaft. Spatial distribution of
satellite constellations on circular orbits. In IEEE Conference on Decision and
Control, pages 829–834, Florence, Italy, 2013.
[113] E. Vos, A.J. van der Schaft, and J.M.A. Scherpen. Formation control and
velocity tracking of wheeled robots, 2014. Submitted.
[114] E. Vos, J.M.A. Scherpen, and A.J. van der Schaft. Equal distribution of
satellite constellations on circular target orbits. Automatica, 50(10):2641–
2647, 2014.
[115] E. Vos, J.M.A. Scherpen, A.J. van der Schaft, and A. Postma. Formation
control of wheeled robots in the port-Hamiltonian framework. In World
Congress of the International Federation of Automatic Control, pages 6662–
6667, Cape Town, South Africa, 2014.
[116] E. Vos, M. Jafarian, C. De Persis, J.M.A. Scherpen, and A.J. van der Schaft.
Formation control of nonholonomic wheeled robots in the presence of
matched input disturbances, 2015. Submitted.
[117] C. Wang, G. Xie, and M. Cao. Controlling anonymous mobile agents with
unidirectional locomotion to form formations on a circle. Automatica, 50
(4):1100–1108, 2014.
[118] N. van de Wouw and R.I. Leine. Attractivity of equilibrium sets of systems
with dry friction. Nonlinear Dynamics, 35(1):19–39, 2004.
[119] N. van de Wouw and R.I. Leine. Robust impulsive control of motion systems
with uncertain friction. International Journal of Robust and Nonlinear Control,
22(4):369–397, 2012.
[120] E. Xargay, R. Choe, N. Hovakimyan, and I. Kaminer. Convergence of a PI
coordination protocol in networks with switching topology and quantized
measurements. In IEEE Conference on Decision and Control, pages 6107–6112,
Maui, HI, USA, 2012.
